Cytarabine ocfosfate (YNK01) is a prodrug analogue of cytarabine which is resistant to systemic deamination after oral administration. Following initial studies indicating significant anti-tumour activity of YNK01 a phase II trial was initiated in order to assess the tolerability and efficacy of a combination of this agent with interferon ␣-2b (IFN-␣2b) in recently diagnosed chronic phase CML patients (n = 98). The treatment was subdivided into cycles consisting of 4 weeks of continuous administration of IFN-␣-2b (3 MU/m 2 /day 1st week and then 5 MU/m 2 /day) and 14 days of oral YNK01 (600 mg/day 1st cycle). At the end of each cycle the dose of YNK01 was adjusted according to the blood count observed during the previous 4 weeks. The median time from diagnosis to inclusion in the trial was 2 months (range 6 days to 7.5 months). At 12 weeks, 62 patients (63%; 95% CI, 54-73) achieved a complete hematological response. At 24 weeks, of 98 patients, two achieved a complete cytogenetic response, 14 a partial response (16% major cytogenetic response rate; 95% CI, 9-24) and 34 a minor response; 19 patients were not evaluable for cytogenetic response. During the trial, 20 patients progressed to accelerated (6) or blastic phases (14). The median time to progression was 15 months (range 2-38 months). At 3 years the overall survival was 79% (95% CI, 70-88). Although the complete hematological response rate compared favorably with the 40% response rate previously obtained with the subcutaneous formulation of Ara-c, the cytogenetic response rate was less than expected. Most of the patients experienced side-effects and all permanently stopped YNK01. Although the combination seems attractive the initial dose of 600 mg per day is probably too high and should be reconsidered in further trials.
Introduction
Chronic myelogenous leukemia (CML) is a hemopoietic stem cell disorder which can be cured by allogeneic stem cell transplantation. However, a suitable donor is found in only 15% of the patients. Other current options for treatment of patients with CML include homoharringtonine, 1 interferon-␣ 2 and the recently developed 2-phenylaminopyrimidine STI571 (Glivec), a tyrosine kinase inhibitor. 3 Interferon-␣ 2a and 2b (IFN-␣) have demonstrated anti-leukemic activity with 60 to 80% of patients achieving complete hematological responses within a period of treatment of 3 to 6 months. [4] [5] [6] [7] [8] A substantial number of these patients also achieved cytogenetic responses defining a subgroup of patients with significantly better survival. 9 However, the proportion of patients who achieved a complete cytogenetic response was still low and it is uncertain whether interferon can 'cure' patients. Cytosine-arabinoside (Ara-c) was shown to exhibit a selective activity on CML progenitors cells in vitro. 10 Because of its in vitro activity, Ara-c alone has been tested in vivo for the treatment of patients with chronic phase CML. Treatment of several patients resulted in high rates of hematological and cytogenetic remission. 11, 12 IFN-␣ combined with Ara-c resulted in a greater cytotoxic effect on leukemic human progenitors cells in vitro 13 and uncontrolled observational studies indicated that the addition of low-dose Ara-c to IFN-␣ for the treatment of chronic phase CML patients who failed to respond to IFN-␣ resulted in complete hematological and cytogenetic responses.
14, 15 The superiority of a combination of IFN-␣ plus Ara-c over IFN-␣ monotherapy has been demonstrated in large multicenter randomized trials. [16] [17] [18] However, subcutaneous injection of Ara-c resulted in serious side-effects such as mucositis or pain at the site of injection. Thus a substantial number of patients stopped Ara-c.
YNK01 is an Ara-c lipophilic prodrug which, because it is resistant to deoxycytidine deaminase, can be administered orally. YKN01 is absorbed in the distal part of the small intestine and is metabolized in the liver. After oxidation of YNK01, Ara-c is released into the systemic circulation and following administration of a dose of YNK01 of 200-300 mg, plasma levels of Ara-c are comparable to those achieved after lowdose Ara-C (20 mg/m 2 ). 19 During the first phase I/II study using YNK01 as monotherapy (at a starting dose of 600 mg/day) partial and complete cytogenetic responses were obtained in previously heavily pretreated patients. 20 In a phase I/II pilot study (six patients) a combination of YNK01 (600 mg/day) and IFN␣2b (3 to 5 MU/m 2 /day) was well tolerated. Therefore, we decided to initiate a phase II trial in order to assess the toler-ability and the effectiveness of a combination of IFN-␣2b with YNK01 in recently diagnosed CML chronic phase patients.
Patients and methods

Patients
Patients with recently diagnosed Philadelphia (Ph)-positive chronic phase CML (less than 6 months) were eligible if they were between 18 and 75 years old. Other entry criteria were: WHO performance status of 0, 1 or 2; white blood cell count (WBC) less than 20 × 10 9 /l after induction treatment with hydroxyurea; platelet count Ͼ100 × 10 9 /l. Exclusion criteria were: CML in accelerated or blastic phase or Ph-negative CML; prior treatment for CML with chemotherapies other than hydroxyurea; cardiac disease, pregnancy or uncontrolled infection; the presence of a contra-indication for treatment with IFN-␣ (any neuropsychiatric history, developing hepatitis, uncontrolled renal insufficiency).
The study was approved by the ethics committee of PoitouCharentes Area and all patients gave their written informed consent.
Treatment
The treatment was subdivided into cycles consisting of 4 weeks of continuous administration of IFN-␣2b (3 MU/m 2 /day 1st week and then 5 MU/m 2 /day) and 14 days of oral YNK01 (600 mg/day 1st cycle). At the end of each cycle the dose of YNK01 was adjusted according to the blood count observed during the previous 4 weeks. The daily dose of YNK01 could be increased with an increment of 300 mg if during the previous cycle the WBC count was higher than 5 × 10 /l. Before starting the study treatment, hydroxyurea (HU) could be given to reduce the WBC to below 20 × 10 9 /l but then had to be permanently discontinued. The dose of IFN-␣-2b was adapted according to the rules of our previous CML 91 trial. Briefly, the dose of IFN-␣2b was reduced by half when the granulocyte count dropped below 1.5 × 10 9 /l, the platelet count below 100 × 10 9 /l or both and discontinued if the granulocyte fell below 1 × 10 9 /l and/or the platelet count below 50 × 10 9 /l.
Initial assessment and monitoring of the patients
The diagnosis of Ph-positive chronic phase CML was confirmed in all patients, and clinical and laboratory assessments were performed to confirm eligibility. Bone marrow aspiration was performed for cytogenetic and cytologic examination. Chest X-ray, 12-channel ECG and abdominal ultrasonography were performed before entry. FBCs were performed every week for 12 cycles and physical examination had to be repeated every week as long as the spleen was palpable. Assessment at the end of the 3rd cycle, 6th cycle, 9th cycle and 12th cycle included full clinical and laboratory evaluation including bone marrow cytogenetic analysis. Abdominal ultrasonography was mandatory during the 3rd cycle and optional afterwards.
Response and toxicity criteria
Efficacy assessments were based on the WBC count, differential and platelet count, the size of the spleen and the percentage of bone marrow mitosis. Response assessments were scheduled at 12 weeks for hematological response and 24 weeks for cytogenetic response. The criteria for complete hematological response were: disappearance of the signs and symptoms of the disease; normal physical examination including disappearance of the splenomegaly; a WBC count less than 10 × 10 9 /l with normal differential (less than 5% myeloid cells were accepted) and a platelet count less than 350 × 10 9 /l. A complete cytogenetic response was defined as the absence of Ph-positive metaphases; partial cytogenetic responses as 1% to 34% of Ph-positive metaphases; major responses include complete and partial responses; minor cytogenetic responses were defined as 35% to 94% of Ph-positive metaphases. Side effects were defined and graded according to WHO toxicity criteria.
Statistical analysis
This phase II non-randomized multicenter trial sought to evaluate the efficacy and tolerability of a combination of IFN␣2b and a new oral formulation of cytarabine. The designated efficacy end points were the 12 weeks hematological response rate and the 24 weeks cytogenetic response rate. The objective of the trial was to achieve results that would be at least equivalent to those for the previous combination using subcutaneous administration of cytarabine. Equivalence would be confirmed if the 95% confidence interval of the hematological response rates at 12 weeks and of the major response rate at 24 weeks contained the rates observed for the CML 91 study, ie 40 and 31%, respectively. 16 Conditionally to the 12 weeks hematological response rate of 40% in the CML 91 protocol, the most unfavorable hypothesis in terms of the number of subjects for this trial would be that the 12 week hematological response rate for the IFN-␣2b + YNK01 combination was 50%, ie a necessary number of subjects of 98 patients. Survival distributions, time to response, time to events and duration of treatment were estimated by the Kaplan-Meier method; age comparison between groups was analyzed using Wilcoxon Rank Sum Scores. The analysis used SAS software (SAS Institute, Cary, NC, USA).
Results
Patient characteristics
Between January 1997 and February 1998, 98 patients with newly diagnosed Ph-positive chronic phase CML were Sixty-eight patients with IFN ± YNKO1; two patients after autologous stem cell transplantation; four patients with hydroxyurea; one patient with IFN + hydroxyurea.
included (40 females, 58 males; median age 54 years, range 18-73). At presentation the spleen was enlarged in 43%; median WBC was 80.8 × 10 9 /l (range 9.9-640.0) and 45% of the patients had a low Sokal score (Table 1) .
Performance status according to WHO score was 0 for 61%, 1 for 35% and 2 for 4%, respectively.
The median time from diagnosis to inclusion in the trial was Leukemia 2 months (range 6 days to 7.5 months). Pre-treatment with hydroxyurea was administered to 95 patients for a median period of time of 1 month (range 4 days to 7 months). There were three protocol violations: pre-treatment with hydroxyurea was given for 7 months in one patient and for 7.5 months in 2 patients, respectively. These violations were considered as minor and the patients remained within the analyses.
Leukemia
Hematological and cytogenetic responses ( The median time to achieve complete hematological response was 1.5 months (range 0-3 months). Two patients received an autologous stem cell transplantation and subsequently achieved hematological response at 24 weeks. Cytogenetic evaluation was obtained for 79 patients at 24 weeks. At that time two patients achieved a complete cytogenetic response, 14 a partial response (16% of major responses; 95% CI, 9-24) and 34 a minor response. Cytogenetic evaluation was not performed in 19 patients for the following reasons: early adverse event (four cases); early adverse event and failure to achieved hematological response (three cases); primary hematological resistance at 12 weeks (five cases); insufficient number of mitosis (four cases); one death; and in two cases the reason was not reported. One of the patients who received an autologous stem cell transplantation achieved a minor cytogenetic response after the transplant. As of July 2000, 13 patients have obtained a complete cytogenetic response, nine with IFN-␣2b alone, two with the combination of YNK01 and IFN-␣2b, one with subcutaneous injections of cytarabine and one after autologous stem cell transplantation. Among the eight patients who achieved a partial cytogenetic response, seven obtained such result with IFN-␣2b alone and one with subcutaneous injections of cytarabine.
Dose
Out of the 98 patients, 39 stopped the study treatment before six cycles. For these 39 patients for the period of time during which they received both agents, the mean daily dose of IFN␣2b was 6.68 MU (±1.81, range 3-8.86) and the mean daily dose of YNK01 was 543.03 mg (±123.34, range 275.61-840.85). Fifty-nine patients went off study treatment at six cycles or later. For these patients during the first six cycles the mean daily dose of YNK01 and IFN-␣2b were 583.21 mg (±197.52, range 283.23-1050) and 7.58 (±2.02, range 3.33-11,36) respectively. After six cycles for those who were still under study treatment the median dose of IFN-␣2b and YNK01 were 6 MU total dose per day and 300 mg, respectively. As indicated in Table 3 , most patients received the scheduled doses of IFN␣-2b and YNK01 during the first six cycles. Although dosage and pharmacokinetics were not performed, given the metabolism of the two drugs, it is assumed that no interaction was expected between them. There was no correlation between the dose of YNK01 or IFN-␣2b and the hematological or cytogenetic responses.
Follow-up of the patients
The median follow-up of the living patients is 34 months. During the trial, 20 patients progressed to accelerated phase (six) or blastic phase (14) . The median interval to progression was 15 months (range 2-38 months). At 3 years the overall survival was 79% (95% CI, 70-88) (Figure 1 ) and the survival without progression was 72% (95% CI, 60-83). During the trial 24 haemopoietic stem cell transplants (14 allogeneic and 10 autologous) were performed 2 to 34 months after entry on the protocol, mainly because of failure to achieve a hematological or cytogenetic response. When allogenic patients are censored at the time of allogeneic transplantation the survival at 3 years is 83% (95% CI, 74-92). Nineteen deaths were recorded. Twelve patients died of progression. Five transplantrelated deaths were recorded. The reason of death for the last two patients was unrelated to CML (lung cancer and sudden death at home).
Side-effects and discontinuation of the treatment (Tables 4, 5 and 6)
All patients experienced at least grade 1 toxicity. Although it was sometimes difficult to distinguish between side-effects related to either IFN-␣2b or YNK01, flu-like symptoms, neurological changes and psychiatric disorders were related to the use of IFN-␣2b; diarrhea, vomiting and mucositis were attributable to YNK01. Most of the patients experienced episodes of asthenia (84 patients) which was considered severe (grade 3 or 4) in 31 patients. No significant relationship was found between age and severe toxicity (31 patients with severe toxicity: median age 54 years, range 25-73; 67 patients without severe toxicity: median age 53 years, range 18-73). Diarrhea and vomiting were severe (grade 3-4) for nine and 11 patients, respectively, and such side-effects could explain grade 3-4 weight loss. Severe psychiatric disorder such as depression was a reason for ending the protocol and thus the contribution of YNK01 for the treatment of CML could not be assessable for these patients. Leukopenia and thrombocytopenia were considered a result of the use of both agents. Grade 3 thrombocytopenia was recorded in seven patients and considered as a possible responsibility of YNK01. However no severe episode of bleeding was recorded. Red cell transfusions were required for seven patients because of symptomatic anemia or because their physician felt that transfusion could improve their medical condition. Such anemia was presumed to have resulted from inhibition of erythropoiesis due to YNK01. There was no clinical evidence of blood loss or laboratory evidence to suggest hemolysis. Transfusions were required for four patients at cycles 1, 2, 3 and 4, respectively, and for three patients at cycle 5. Mean values of white blood cells and platelets are given in Figures 2 and 3 , respectively. They were calculated for the first period of 24 weeks during which 59 patients received the study treatment. One patient received the two drugs without discomfort for a period of 30 months and then stopped because of the development of blast crisis. He died 12 months later, still in blast crisis. Another patient achieved a complete hematological response after 1 month and a complete cytogenetic response after 18 months of treatment with the combination of the two drugs. He stopped YNK01 after 27 months of treatment and then relapsed with 48% of Ph-positive metaphases while still receiving IFN-␣2b alone.
As of July 2000, all patients had definitively stopped 577 Table 3 Median doses and ratio of YNK01 and IFN for each of the first six cycles The maximum elevated dose of IFN is mostly in relationship to the duration of IFN which was administered for some cases for a period of more than 28 days before YNK01 was resumed.
Figure 1
Probability of survival from start of IFN-␣2b and YNK01. YNK01. Of these, 39 discontinued before six cycles, 31 between six cycles and 1 year, 10 at 1 year and 18 thereafter. Among the 39 patients who definitively stopped YNK01 before six cycles, 32 patients did so because of side-effects, six patients because of hematological failure. A final patient went off study when he switched to another hospital. After six cycles, reasons for discontinuation were hematological failure (nine patients), cytogenetic failure (13 patients), side-effects in relation to the use of YNK01 or the combination of IFN-␣2b and YNK01(21 patients). Eight patients discontinued the treatment for personal reasons, and finally, one patient discontinued because of sudden death at home. Seven additional patients stopped YNK01 after they obtained a complete cytogenetic response. During the trial 62 patients stopped the All patients experienced at least grade 1 toxicities. The total number of side-effects exceeds the total number of patients because several side-effects occurred in the same patients. b Including loss of consciousness (4); epileptic fit (1); cerebellum disorder (1).
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study treatment for toxicity or no compliance after a median period of time of 9 months (95% CI, 7-16) and 28 patients stopped for treatment failure (median period of time not reached). At 12 months, 22% of the patients stopped for treatment failure (95% CI, 13-30) (Figure 4a and b) . 
Discussion
Preliminary clinical experience suggested that the combination of IFN-␣2b and Ara-C improved on the results seen with IFN-␣2b treatment alone. 14, 15 It has been shown in several randomized trials that IFN-␣ was more efficacious than chemotherapy such as hydroxyurea or busulfan. 2 In several studies, there was an association between achievement of major or complete cytogenetic responses and survival improvement. 9 Thus the rationale behind the use of a combination of IFN-␣ and Ara-c was the expectation that such a combination could increase the cytogenetic response rate and the overall survival. Single arm studies as well as randomized trials suggested that the use of IFN-␣ and Ara-c resulted in higher cytogenetic response rate and better survival. [16] [17] [18] An update of the French CML 91 trial showed, after a median follow-up of 46 months (range 4-82), the 5 year probability of survival was 58% (95% CI, 51-65) for patients assigned to the IFN-␣2b arm and 70% (95% CI, 64-76) for patients assigned to the IFN-␣2b + Ara-c arm. 21 Significant side-effects of this new modality of treatment, such as weight loss, nausea, vomiting, diarrhea, mucositis and pain at the site of injection were related to the use of Ara-C. In our previous study, half of the patients stopped Ara-C within 12 months because of side-effects. An oral formulation of Ara-c could result in less side-effects and allow more prolonged administration of the anti-leukemic compound which could result in higher cytogenetic response rate and better survival. This phase II trial aimed to assess the toxicity and efficacy of a combination therapy with IFN-␣2b and YNK01, a new oral formulation of Ara-c. All the patients were in chronic phase and only pretreatment with hydroxyurea was permitted. All the patients received the standard dose of IFN-␣2b in combination with YNK01 which was administered orally for a period of 14 days each month. The dose of 600 mg per day was selected on the basis of previous phase I/II studies.
The complete hematological response rate at 12 weeks of 63% compared favorably with the 40% response rate previously obtained with the subcutaneous formulation of Ara-c. However, the cytogenetic response rate was less than expected. In the CML 91 study, 31% of the patients who received subcutaneous injections of cytarabine achieved major cytogenetic responses at 24 weeks whereas only 16% (95% CI, 9-24) achieved such a result with YNK01 and IFN␣2b. Such a cytogenetic response rate is similar to the rate that was achieved with IFN-␣2b alone in our randomized study. This is not surprising since a large number of patients discontinued YNK01 before 6 months and thus could not have achieved the maximum anti-leukemic effect of the two drugs. However, it should be pointed out that the cytogenetic response rate achieved in our previous trial using subcutane-ous injection of cytarabine was high compared to those usually achieved by other groups. The dose of 600 mg per day of YNK01 was selected on the basis of previous pharmacokinetics studies. 19 In a phase I/II study, YNK01 was administered by a 14 day cycle with escalating doses, starting with a daily dose of 100 mg/m 2 which is equivalent to 40 mg/m 2 cytarabine on a molar basis. In this study the maximum tolerated dose was reached at the 1200 mg/m 2 dose level with WHO grade 3-4 diarrhea as the main toxicity. 19 After administration of YNK01 at a dosage of 100-150 mg/m 2 , plasma levels of cytarabine were comparable to those achieved after low-dose cytarabine treatment (20 mg/m 2 ). Other studies using YNK01 alone or in combination with IFN suggested that a fixed dose of 600 mg produced significant anti-leukemic effect with acceptable toxicity. The efficacy of a continuous administration of YNK01 in combination with IFN-␣2b was evaluated in patients who failed previous IFN-based regimens. 22 Dose escalations up to 900 mg were permitted for those patients who failed to response to the initial 300 mg/day dosage. Of the 10 patients enrolled in the study, four achieved complete hematological responses and one a complete cytogenetic response. In this study, seven patients went off protocol because of side-effects. Toxic effects attributed to YNK01 were fatigue, diarrhea and thrombocytopenia. The question of the relationship between doses of YNK01 was considered. Although the number of patients was small, it was suggested that treatment-associated side-effects worsened with dose escalation of YNK01. While YNK01 therapy was stopped in three patients (33.3%) at the low-dose level of 300 mg, two patients at 600 mg (40%) and two patients at 900 mg (100%) discontinued the study treatment due to YNK01-related toxicity. Moreover, dose levels beyond 300 mg were associated with a higher incidence of WHO grade 2 and 3 toxicities. It was concluded that the combination of YNK01 at the dose of 300 mg in combination with IFN could be an effective regimen in pre-treated late chronic phase patients. The preliminary results of the Australia and New Zealand YNK01 CML trial were recently reported. 23 The study design was exactly the same as the French study. Forty patients with a recent diagnosis of CML chronic phase were enrolled. Patients were required to complete two cycles of combination therapy to be evaluable for efficacy. Nine patients were considered nonevaluable due to IFN intolerance. Of 21 evaluable patients at 9 months, 43% achieved a major cytogenetic response, the median time to achieve such result being 20 weeks; moreover, five achieved a complete cytogenetic response. Within the limitation of the overall number of patients these results are superior to ours and similar to those achieved previously with the subcutaneous formulation of cytarabine. The question of the modality of administration of cytarabine has been addressed in several trials. It has been suggested that the combination of IFN plus continuous administration of cytarabine could be superior as compared to the intermittent administration of cytarabine in patients with early chronic phase CML. 24 The optimal modality of administration of YNK01 is also currently being studied. The Austrian CML study group initiated a phase III trial to compare the efficacy of IFN plus continuous oral YNK01 vs intermittent administration of YNK01 in newly diagnosed Ph-positive CML patients, the dose of YNK01 being 300 mg daily. The French study group has also initiated a dose escalation study comparing intermittent vs continuous administration of YNK01, 100 mg being the initial daily dose.
These studies may provide useful indications for further use of this oral formulation of cytarabine in combination with Leukemia other drugs. Preliminary in vitro studies have suggested that an additive effect of STI571 and cytarabine could be demonstrated. 25 Thus in vivo administration of a combination of YNK01 and STI571 would be of considerable interest.
